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1969.-Systemic blood pressure oscillations, produced in paralyzed dogs by arresting ventilation or by hemorrhage during mechanical ventilation, were related to the phasic phrenic nerve electrical activity. Oscillations synchronous with each burst of phrenic nerve activity ("Traube- Hering" waves) occurred in hemorrhaged animals and during arrested ventilation.
Oscillations unrelated to the frequency of the phrenic nerve bursts (" Mayer" waves) occurred only after hemorrhage.
The integrated activity of each phrenic nerve burst was less and the bursts were more frequent during Mayer In order to determine the effect of respiratory pattern, i.e., the integrated electrical activity and the frequency of the phrenic nerve bursts on the swings in blood pressure in hemorrhaged animals, nerve discharges were recorded from the phrenic nerve in 30 dogs which were hemorrhaged gradually until swings in blood pressure occurred. These swings in diastolic pressure varied between 5 and 50 mm Hg and were associated with four different patterns of phrenic nerve discharge. These are shown in Figs. 3 and 4. In none of these four patterns was the rate at which bursts of phrenic activity occurred the same as the rate of the artificial ventilation.
In Fig. 3A , both the frequency of the bursts and the integrated electrical activity of the successive bursts are regular. The interval between the two peaks of the waves in systemic blood pressure is greater than the interval between the bursts of activity in the phrenic nerve, and there is no clear relationship between the respiratory pattern and the swings in blood pressure. Therefore, these blood pressure oscillations are categorized as Mayer waves.
The pattern of the swings in blood pressure, shown in Fig. 3B , is also regular, both in amplitude and in frequency; but, in contrast to Fig. 3A , the blood pressure swings with each burst of activity in the phrenic nerve, and there is one burst of nervous activity for each swing in blood pressure. These swings correspond to Traube-Hering waves. Although most Traube-Hering waves seen in hemorrhaged animals had a shorter period than did Mayer waves, the period of the Traube-Hering wave in Fig. 3B is the same as the Mayer wave in Fig. 3A . It is, therefore, apparent from Fig. 3, A and B , that in artificially ventilated animals it is difficult to use the period of the blood pressure swing to distinguish a Traube-Hering wave from a Mayer wave.
Like the Mayer waves, the period of the swings in blood pressure shown in Fig. 4 , A and B, exceeds the interval between breaths. However, as in the Traube-Hering waves, there appears to be some relationship between the swings in blood pressure and respiratory activity as reflected in the bursts of phrenic activity. Thus, in Fig. 4A , there are two bursts of phrenic nerve discharge for each swing in blood pressure. The bursts are somewhat irregular and differ in size. The larger of the paired bursts occurs at the time of the increase in pressure to peak levels; the smaller burst of the two is associated with less change in blood pressure. In Fig. 4B , the waves in blood pressure have a smoother appearance and the phrenic nerve discharges are fairly constant in size. But, the frequency of phrenic nerve bursts is irregular. Thus, a rapid succession of bursts, in clusters of three or four, is associated with an increase in blood pressure to its summit. Waves of the type shown in Fig. 4, A and B, are difficult to classify either as TraubeHering or Mayer waves, and will be called indeterminate waves in this report.
Adrenergic blockade. Phenoxybenzamine was given to seven hemorrhaged dogs with Mayer waves (Table 2 ). In each of the dogs, the waves disappeared after alpha-adrenergic blockade (see METHODS). The abolition of the waves by the phenoxybenzamine indicates that the swings in blood pressure which occurred in the hemorrhaged animals, like those described above (Table 1) for arrested ventilation, were vasomotor in origin.
Denervation.
It was shown above ( Table  1) that the Traube-Hering waves, which occurred during arrested ventilation in nonhemorrhaged animals, persisted after denervation of both carotid and aortic chemo-and baroreceptors. In a separate series of dogs, the denervation experiments were repeated in dogs with Mayer waves. The Mayer waves were produced by graded hemorrhage in six anesthetized dogs which 'had been paralyzed using succinylcholine and were artificially ventilated. Prior to the hemorrhage, their carotid sinus nerves were exposed bilaterally but left intact. After control records, the nerves were divided bilaterally. As may be seen in carotid chemo-and baroreceptors does not abolish the waves; they persist but are diminished in amplitude. Preservation of the Mayer waves after carotid chemo-and baroreceptor denervation is shown in Fig. 5 , indicating that the carotid receptors are not necessary for Mayer waves to occur.
In two of the six dogs in which Mayer waves had persisted after cutting the carotid sinus nerves, the vagi were subsequently cut. In these two dogs, the bilateral vagotomy converted the Mayer waves to Traube-Hering waves. The effects of vagotomy, per se, on Mayer waves was investigated as part of the experiments, to be described in the next section. In the 30 hemorrhaged dogs, Traube-Hering waves occurred on 58 occasions; Mayer waves occurred on 51 occasions. In these 30 dogs, the average systemic blood pressure during Traube-Hering waves was 104/76 mm Hg; this value was not significantly different (P > .05) from the average blood pressure of 108/57 mm Hg during Mayer waves. However, the integrated activity of individual phrenic nerve bursts was 59 % more, and the frequency of the phrenic nerve bursts was 50 % less during TraubeHering waves than during Mayer waves. Both differences, i.e., in the frequency of the bursts of activity and in the in- tegrated electrical activity, were statistically significant (P < .05).
In 12 of the 30 dogs, only Traube-Hering waves occurred during the graded hemorrhage, while in the other 18 hemorrhaged dogs, both Traube-Hering and Mayer waves occurred at different times. The characteristic features of the Traube-Hering and Mayer waves in the 18 dogs in which both wave forms occurred are summarized in Table 4 . As shown in Table 4 , the systolic blood pressure during Mayer waves averaged 27 mm Hg less and diastolic pressure 15 mm Hg less than during Traube-Hering waves. Also, the bursts of phrenic nervous activity occurred twice as fi-equently during Mayer waves, and the integrated activity of each nerve burst during Mayer waves was only 40 % of the integrated activity measured during Traube-Hering waves. Each of these differences between Traube-Hering and Mayer waves was statistically significant (P < .Ol ). On the other hand, the difference in blood gas tensions and pH shown in Table 4 was not significant (P > .05).
The could be present at any given level of systemic hypotension.
On the other hand, Traube-Hering waves were regularly associated with larger (greater integrated electrical activity) and slower bursts of phrenic activity than were the Mayer waves, suggesting that Mayer waves might be converted to Traube-Hering waves, even at the same level of systemic blood pressure, if the frequency of the phrenic bursts were slowed or if the amplitude of the bursts were increased, or both.
Therefore, in 15 dogs with Mayer waves produced by hemorrhage, the frequency of the phrenic nerve bursts was decreased and the size of each phrenic nerve burst was increased either by vagotomy or by arresting artificial ventilation.
In order to hold blood pressure unchanged in these 15 dogs, each dog was bled as needed. In 6 of the dogs which had persistent Mayer waves, artificial ventilation was stopped. After the arrest of artificial ventilation, the phrenic nerve bursts decreased in frequency, and the integrated activity of each burst increased (as arterial Pcoz increased and PO* decreased) ; the Mayer waves were converted gradually to Traube-Hering waves (Fig. 6 ). This figure shows that despite a virtually unchanged blood pressure, a change in phrenic nerve-and presumably respiratory center-activity can decrease the period of the waves in blood pressure and change a Mayer wave to a Traube-Hering wave. In nine dogs, after bilateral vagotomy (while arterial blood pressure was held at the prevagotomy level by bleeding) (Table 5) , the bursts of phrenic activity also decreased in frequency and the amplitude of each burst increased. Mayer waves were again transformed to TraubeHering waves (Fig. 7) .
In the attempt to change a Traube-Hering wave to a Mayer wave by changing the pattern of phrenic nerve activity without changing the level of systemic blood pressure, anesthetized dogs, in which Traube-Hering waves had been produced by vagotomy, were heated by means of high-resistance electrical tapes which were wrapped around the body. In four of the dogs, an increase in rectal temperature to 39 C was associated with a precipitous drop in blood pressure and cardiac irregularities which could not be prevented by the infusion of blood, saline, and dextran. However, in two dogs in which systemic blood pressure was sus- tained by the infusions, Traube-Hering waves were converted to Mayer waves (Fig. 8) 
Traube-Hering Waves
There is little question that the Traube-Hering waves are related, in some way, to activity of the respiratory center CHERNIACK, EDELMAN, AND FISHMAN since 1) in the present study (as illustrated in Fig. 4/l) , since 1) in the present study (as illustrated in Fig. 4& (22) . Both mechanisms for instability may be involved in the present experiments.
An apparent increase in the gain of the vasomotor controller, which may simply be a function of the nonlinear stimulus-response curves of chemo- (7, 14, 18) and baroreceptors (2, 21, 22, 27) , has been demonstrated in hemorrhage (2 1) and in cerebral ischemia (22, 23 
